T he Bayer Corporation recently released a study (ICR 2011) in which the practices and attitudes within science departments at the nation's leading research institutions were examined. In this survey of more than 400 department chairs, overwhelming support was found for increasing the number of women and underrepresented minorities who succeed in science. However, most of these academic leaders agreed that the efforts to accomplish this goal have not been successful.
The Bayer study draws heavily on the National Academies report Expanding Underrepresented Minority Participation: American Science and Technology Talent at the Crossroads (NAS et al. 2010) , which was produced by a committee I chaired over the past several years. This report recognizes that the need has never been greater for the nation to develop a coherent approach to producing new scientists and engineers from diverse backgrounds. We see other nations substantially increasing their investments in science and technology and producing larger proportions of workers in these areas. In several European and Asian countries, more than 10 percent of 24-year-olds have first degrees in the natural sciences and engineering. In the United States, fewer than 6 percent of 24-year-olds have earned first degrees in these subjects, placing the country 20th in a list of 24 countries.
It shouldn't surprise anyone that underrepresented minority groupsAfrican Americans, Native Americans and Alaska Natives, and Hispanics-are the fastest-growing segment of the US population. Clearly, America needs to take much more seriously this challenge of harnessing talent from a broad pool of citizens if the nation is to continue having the strong science, technology, engineering, and mathematics (STEM) workforce needed to remain competitive globally. The Crossroads report (NAS et al. 2010 ) echoes the National Academies' influential Rising Above the Gathering Storm report (NAS et al. 2007) in calling for a national target of 10 percent of Americans with first degrees in the natural sciences and engineering. About 2-3 percent of 24-year-olds from underrepresented groups currently hold such degrees, which means that reaching this goal efficiently will require tripling, quadrupling, or even quintupling these numbers. The progressive reduction in representation from these groups within the academic and science workforce pipeline offers a troubling perspective on this problem: Underrepresented minorities represent 28.5 percent of the US population and almost 40 percent of the nation's K-12 enrollment but constitute only 18 percent of those receiving STEM bachelor's degrees, 9 percent of college-educated workers in science and engineering, and 5 percent of STEM doctorate recipients.
Although we must continue focusing on K-12 education, I am convinced that the most effective strategy for broadening participation in the short term will be to strengthen undergraduate education in science and engineering. At present, about 20 percent of underrepresented minority students who enter college or university aspiring to major in a STEM discipline end up completing a STEM bachelor's degree in five years. What surprises many colleagues is that only 33 and 42 percent of white and Asian American students who begin their studies aspiring to complete a STEM major are successful (Hurtado et al. 2010) . The K-12 experiences alone of these students cannot explain these low completion rates. Surprisingly, students at selective institutions are often more likely to be discouraged in early STEM courses and to switch majors (Chang et al. 2008) . This is particularly true among minorities: In a recent study by University of California, Los Angeles's Higher Education Research Institute, Chang and colleagues (2011) Broadening Participation in the American STEM Workforce FREEMAN A. HRABOWSKI III found that minority students with the strongest motivation to pursue careers in the biomedical and behavioral sciences are also at increased risk of changing majors when they have negative experiences involving race.
From my own experience with firstyear science at the University of Maryland, Baltimore County (UMBC), and from looking at practices across the country, I am convinced that one fundamental strategy that can make a big difference is redesigning first-year STEM courses to promote active learning and collaboration. My colleagues and I have found, for example, that redesigning introductory chemistry classes at UMBC resulted in a significant increase in the number of students not only passing but earning As and Bs. In the six years since the redesigned courses were introduced, the number of chemistry majors has increased by 70 percent and that of biochemistry majors by 42 percent. Biology and other STEM departments have also recently redesigned classes to emphasize collaboration and active learning. In fact, working with colleagues at three other universities as part of the Howard Hughes Medical Institute's National Experiment in Undergraduate Science Education project (www.hhmi. org/grants/office/nexus), UMBC faculty members are infusing mathematical modeling into introductory biology courses. What is particularly encouraging is that the benefits of these efforts accrue to all students, not just to minorities.
The challenges faced by minority students interested in science are often unique. Some have the experience of being the first in their families to go to college. Others feel isolated at their institutions because of the small number of other minorities in STEM courses. Universities can learn from institutions that have been most productive in sending blacks and Hispanics on to complete STEM PhDs. In fact, it would be helpful to model efforts on such federally funded broad-based initiatives as the US National Science Foundation's Louis Stokes Alliances for Minority Participation program and the Minority Access to Research Careers program at the US National Institutes of Health. In these and other programs, the emphasis is on precollege summer experiences, substantive research experiences early in a student's academic career, academic support and social integration, and the support and involvement of faculty members. From my perspective, faculty members engaging students in labs and getting to know more about the students' strengths, challenges, and aspirations can be particularly effective. Over the past several decades, we have seen examples (e.g., the Bell Labs Graduate Research Fellowship Program and the Meyerhoff Scholars Program [www.umbc.edu/ meyerhoff ] at UMBC) that demonstrate that building a sense of community among students provides a social and academic network that helps lead to success.
The top 10 producers of African American baccalaureate recipients who get PhDs in the natural sciences and engineering are historically black colleges and universities (HBCUs). (The Crossroads report [NAS et al. 2010 ] also notes that the top two producers of Hispanic baccalaureate recipients who get PhDs in the natural sciences and engineering are Hispanic-serving institutions.) Nevertheless, the majority of African Americans who earn PhDs in these subjects attend predominantly white institutions (PWIs). The explanation for this apparent contradiction is that America has more than 3000 PWIs and only 105 HBCUs. About 65 percent of all African Americans with PhDs in the natural sciences and engineering earned their undergraduate degrees at PWIs, where they may have been one of two or three minority students graduating with STEM degrees. Although it is important that HBCUs receive continued support, it is also essential to recognize that increasing the number of underrepresented minority students succeeding in science and engineering demands a new approach at many PWIs.
Institutions that focus attention and resources on the academic performance of students of all races in first-year science courses are much more likely to be effective in helping students in general-and minority students in particular-succeed. The most effective strategy for beginning the process of institutional culture change involves the use of focus groups designed to hear the perspectives of faculty, staff, and students about why students either achieve or do not. These conversations are crucial, because culture change requires careful self-reflection, robust dialogue, and rigorous analysis, both qualitative and quantitative, to understand trends in academic performance as a result of different intervention strategies. At UMBC, when we think about the culture of an institution, we think about our values, our practices, our habits, and even the relationships among faculty, staff, and students. The more inclusive the discussions are, the greater is the likelihood of getting broad support for institutional change and for building and taking advantage of the creativity of faculty members and students in problem solving. For example, my faculty members who engaged in the initial discussion about minority student achievement-laying the foundation for the creation of the Meyerhoff Scholars Program (www.umbc.edu/meyerhoff )-played crucial roles in attracting external grants to support the success of students in undergraduate research.
One result of the Meyerhoff Program's success over the years is that UMBC is now the leader among PWIs in the number of African American bachelor's degree recipients who go on to complete PhDs in the natural sciences and engineering (more than 100 graduates have completed PhDs-the majority in the life sciences-and several hundred more are currently pursuing graduate degrees in these subjects). Strategies developed through this program that have proven to be effective, not only for minority students but for students in general, include encouraging study groups; strengthening tutorial centers; encouraging faculty efforts to give students much more feedback early and throughout the semester; emphasizing the need for clear expectations for the students in course work; and in essence, a focus on academic and social support. In addition, efforts to change culture must involve regular assessments and an emphasis on specificity. Documenting the success of different initiatives can help build momentum and encourage increasing faculty involvement. I have been encouraged by the number of universities of all types that have brought teams of faculty members to our campus to discuss the best practices and lessons that we have learned over the past two decades. As we increase the number of universities across the country adopting documented best practices, we can expect future surveys of department chairs to reflect the increasing success of students from all backgrounds in biology and other STEM areas.
